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1. Romanian Nuclear Fuel Program 

before 1990 

In mid 60’s Romania opted for the CANDU reac-
tors as basis for its Nuclear Power Program. At 
that time, the main reasons for this choice of the 
Romanian Authorities were related to the nuclear 
safety issues, the outstanding performance dem-
onstrated by the CANDU type reactors and espe-
cially related to the strategic advantage of the 
CANDU system that the nuclear fuel can be sup-
plied locally. These reasons are still valid today. 
However, after adopting this decision, which, for 
the long term, proved to be beneficial for our na-
tional Nuclear Power Program, the political ambi-
tions of the former Romanian authorities to involve 
the national potential in a too big and unrealistic 
scale undermined the progress of our country Nu-
clear Power Program. The prevalence of the politi-
cal ambitions of the former Communist authorities 
over the technical and economical considerations 
resulted in considerable delays in our Nuclear 
Power Program as well as in significant economi-
cal losses. 

The policy, which governed the Romanian Nu-
clear Fuel Program before 1990, proved to be, for 
the long term, inappropriate in several essential 
aspects. Before 1990, two decisions, mainly politi-
cally imposed, had a major impact on the Roma-
nian Nuclear Fuel Program. The first was the de-
velopment of the fuel manufacturing technology 
only by national efforts, without any involvement 
neither by Atomic Energy of Canada Limited 
(AECL) nor by an experienced Canadian fuel 
manufacturer. The second one was to start, in 
1983, the industrial fuel production and to sustain it 
energetically without any realistic linkage with the 
actual progress in the construction of the five 
CANDU-6 reactors planned to be built at the Cer-
navoda site. As a result, in the beginning of 1990, 
Romania already produced more than 31 000 fuel 
bundles with an unproved quality, enough – as 
quantity – to feed one CANDU-6 reactor for more 
than six years, while the most advanced in con-
struction reactor was only 45% completed. 

The history of the nuclear fuel fabrication in 
Romania before 1990 is described in detail in [1-6]. 
The main activities related to the development of 
the CANDU-6 nuclear fuel manufacturing were 
carried out at the former Institute for Nuclear 
Power Reactors (IRNE) in Pitesti.  

With a few, but essential exceptions, the nu-
clear fuel fabrication in Romania went through a 
logical sequence of steps: 
• Laboratory research and studies; 
• Development of the our own fuel design; 
• Development of a Quality Assurance (QA) sys-

tem, including an Inspection and Testing Plan 
(ITP); 

• Development of the technological processes for 
the nuclear fuel manufacturing; 

• Designing and fabrication of the manufacturing 
equipment; 

• Procurement from foreign suppliers of some 
special manufacturing equipment; 

• Commissioning of a fuel pilot plant; 
• Irradiation of fuel elements in research reactors, 

both in Romania and in foreign facilities (MZFR 
in Germany, BR2 in Belgium and NRU in Can-
ada); 

• Out of pile tests for fuel bundles produced in 
the pilot plant, tests performed in the high pres-
sure and temperature loop built at IRNE. 

The results obtained were encouraging. No ab-
normal results were recorded during this (though 
limited) testing program, both in irradiation and in 
out of pile tests. 

To fulfil these steps, mentioned above, many fi-
nancial and technical efforts were made at IRNE 
Pitesti. It is enough to mention here the procurement 
of a 14 MW Material Testing Reactor (TRIGA -  
type) - in operation since 1979, hot cells facilities - in 
operation since 1984, high pressure and tempera-
ture loop and analysis and control laboratories. 

However, regarding the activities described 
above, the following remarks should be empha-
sized: 
• The most relevant irradiation tests consisted 

mainly in the well-known type-tests for CANDU 
fuel (overpower tests and power ramps tests) 
for fuel elements. This kind of tests are aiming, 
mainly, at checking the fuel element design and 
cannot in any case be considered as a substi-
tute for the qualification of the fuel manufactur-
ing plant; 

• No fuel bundles were tested in power reactors; 
• The compatibility-testing program on the fuel-

ling machine head was not performed. 
It is evident that looking back at the chain of the 
activities performed in order to prepare the large-
scale fuel production, the following links can be 
considered as weak: 
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• The fuel plant was not qualified by AECL, the 
design authority for CANDU system; 

• The lack of co-operation with an experienced 
Canadian nuclear fuel manufacturer; 

• The limited (if any) feedback in the fuel produc-
tion coming from the fuel behaviour showed 
during irradiation tests. 

In spite of this evidence, the former Romanian Nu-
clear Authority (the State Committee for Nuclear 
Energy) decided, with no involvement neither by 
AECL nor by an experienced Canadian manufac-
turer, to approve the start of the industrial produc-
tion for CANDU-6 nuclear fuel at IRNE Pitesti. On 
this basis, which later did not prove to be enough 
founded, the industrial production of CANDU-6 fuel 
began at IRNE Pitesti in December 1983. Before 
June 1990, intensive production of CANDU-6 fuel 
was maintained. It should be noticed that the fuel 
production dynamics had no logical linkage with 
the real status of the progress in the construction 
of the five power reactors planned to be built on 
the Cernavoda site. 

 
 

2. Romanian Nuclear Fuel Program – 
the “Transition and Consolidation” 
Period: 1990 – Mid 1998 

In January 1990 the new created Romanian Elec-
tricity Authority (RENEL) assumed the responsibil-
ity for the entire energy national program (electric-
ity and heat production). The Nuclear Power Group 
(GEN), as a department of RENEL, assumed the 
responsibility for the Romanian Nuclear Power 
Program. 

In the new political climate installed after 1990, 
our nuclear policy was significantly modified. The 
clear objective became the development of a reli-
able, efficient and realistically dimensioned na-
tional nuclear industry, by combining the already 
significant existing local potential with the benefits 
of an open and concrete co-operation with our for-
eign partners, essentially from Canada. A solid 
frame for a real and consistent co-operation was 
put in place. 

Regarding the Nuclear Fuel Program, the first 
action decided by GEN was to request that AECL 
perform an evaluation of the fuel fabrication at the 
Romanian plant. The approach was focused on 
the technology, quality assurance system and the 
quality of the fuel produced before 1990. AECL 
and Zircatec Precision Industries Inc. (ZPI) - the 
well known Canadian CANDU fuel manufacturer - 
performed the evaluation. The findings of the Ca-
nadian specialists are presented in detail in Refs. 
[7] and [8]. The main conclusions of the Canadian 
specialists after their assessment performed at the 
Romanian fuel plant were that even impressive 
progress in developing the facility was achieved, 
there were also several negative findings. 

On this basis and after a realistic assessment 
of the situation, it was the RENEL-GEN’s decision 
to stop, in June 1990, the nuclear fuel production 
at IRNE Pitesti. All the nuclear fuel manufactured 
before June 1990 was quarantined as it was sus-
pected as inappropriate for use in power reactor. 
As mentioned before, more than 31,000 fuel bun-
dles have already been manufactured at that time. 
The already fabricated nuclear fuel was stored at 
Pitesti site under International Atomic Energy 
Agency (IAEA) safeguards in view of an appropri-
ate quality assessment. 

GEN elaborated a strategy to be followed for 
the Romanian Nuclear Fuel Program. Three major 
objectives were decided: 
• The upgrading, with Canadian support, of the 

Romanian nuclear fuel plant in order to qualify it 
as a recognized CANDU-6 fuel supplier accord-
ing to the AECL’s requirements; 

• The re-start of the nuclear fuel production of the 
plant, in order to meet, on a realistic basis, the 
Cernavoda NPP, Unit 1 needs; 

• The evaluation of the “pre-1990” fuel quality, 
aiming at identifying the best possible way for 
its recovery, both from the technical and eco-
nomical point of view. 
 

2.1. The Qualification of the Romanian Fuel 
Plant (FCN) with Canadian Support 

Since February 1992 the nuclear fuel manufactur-
ing has been reorganized as an independent 
RENEL’s subsidiary, named Nuclear Fuel Plant 
(FCN). Arrangements between GEN and AAC 
ended in November 1992 with a contract for the 
qualification of FCN as a recognized CANDU-6 
fuel supplier, giving to AECL the coordinating role. 
ZPI was selected to provide technical assistance 
and to supply equipment for several processes. 
FCN’s personnel had also played an important 
role. This qualification program started in Decem-
ber 1993, after the Export Permit issuing by the 
Canadian Government. The qualification of the 
plant was completed in July 1994 and a demon-
stration run was performed during October 1994 
by producing 202 CANDU-6 fuel bundles. 66 of 
these fuel bundles were part of the Cernavoda 
NPP, Unit 1 first fuel load (the balance was sup-
plied from Canada by ZPI). In November 1994, 
AECL issued a temporary certification for FCN.  

The philosophy and the detailed steps of the 
FCN qualification are described in [9] and [10]. 

Industrial nuclear fuel production was resumed 
in January 1995. In December 1995 AECL per-
formed a final audit and, based on the results al-
ready proved in practice, issued a final certificate 
declaring FCN a qualified and authorized CANDU-
6 nuclear fuel supplier. Since then FCN is the only 
CANDU fuel supplier from outside Canada having 
this status. The plant capacity was after its qualifi-
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cation of 23 fuel bundles per day. 
The Cernavoda NPP, Unit 1 started its com-

mercial operation on December 2, 1996. The re-
loading of the reactor started in the middle of 
January 1997 with fuel produced by FCN after 
1995. Till the end of August 2003, FCN produced 
36 529 fuel bundles. 33 292 fuel bundles manufac-
tured by FCN were already irradiated in the Cer-
navoda NPP, Unit 1 till the end of August 2003 
without any special problems. The in reactor fuel 
performances and behavior have been excellent. 

2.2. Quality Evaluation of the Fuel 
Manufactured before 1990 and Recovery 
Solutions for the “Stock” Fuel [11] 

On the basis of the new status of the plant - after 
its qualification, GEN requested FCN to perform a 
detailed evaluation of the “stock” fuel quality. 
Once a very comprehensive feasibility study (per-
formed by the fuel plant specialists) accepted, 
GEN decided that this evaluation program should 
be implemented by FCN. The approach was fo-
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cused on the technology, quality assurance sys-
tem and the quality of the fuel manufactured be-
fore 1990. The evaluation program for the as-
sessment of the stock fuel quality began in early 
1996 and was completed at the end of 1996. The 
results of this evaluation showed that this fuel 
was not suitable for in reactor use. 

As a result of the “old” fuel quality assessment 
program, it was decided that the best recovery so-

lution was the dismantling of all the “stock” fuel 
bundles and recovery of all acceptable pellets. Un-
acceptable pellets are recovered by recycling in to 
UO2 powder, and fabrication of new pellets. The 
fabrication of new fuel bundles with recovered pel-
lets is governed by specific manufacturing, inspec-
tion and test plans. 

Both solutions were applied and at the end of 
2003 we will complete the recovery of the fuel 
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manufactured before 1990. Currently at FCN we 
produce CANDU-6 fuel bundles on three routes:  
• Using as such the “old” pellets, which are found 

in conformance with the acceptance criteria in 
force after plant’s qualification in 1994, except 
the end pellets of each fuel elements that have 
now a different design from that used before 
1990. We name this kind of fuel bundle as “PR” 
fuel bundle; 

• Using new pellets, which contain UO2 powder, 
obtained from recycling the “old” pellets that are 
found as unacceptable as per actual accep-
tance criteria. We name this kind of fuel bun-
dles as “RP” fuel bundle; 

• Using new fuel pellets manufactured from fresh 
UO2 powder supplied by the National Uranium 
Company (CNU). We name this kind of fuel 
bundle as “FP” fuel bundle. 

Of course, after the final assembling, all these 
three kind of fuel bundles are identical. In Figure 1 
is shown the flowchart of the actual Uranium circu-
lation in FCN. New fuel bundles containing recov-
ered Uranium began to be loaded and successfully 
irradiated in the Cernavoda NPP, Unit1 reactor 
since the middle of May 1997. 

Till the end of August 2003 about 29% of the 
FCN’s fuel production has been manufactured 
using UO2 powder supplied by CNU. In Figure 2 
is shown the evolution of FCN production after its 
qualification. The first two types of bundles men-
tioned above are counted together as fuel manu-
factured using Uranium coming from the recovery 
of the fuel produced before June 1990. 

 
 

3. Romanian Nuclear Fuel Program – 
the “Mature” Period: since Mid 1998 

The third period that we can name the “mature” 
one, started in 1998, when RENEL disappeared as 
a result of a restructuring of our national electricity 
and heat production sector in order to prepare it for 
deregulation and privatization. “Nuclearelectrica” 
National Nuclear Power Company (SNN S.A.), a 
joint stock company - whose shares are, at that 
moment, 100% owned by our State, took charge of 
the production of nuclear generated electricity sec-
tor.  

As regard the Nuclear Fuel Program, in this pe-
riod the SNN’s major objectives have been the fol-
lowing [12]: 
• Preserve and improve the actual FCN capability 

to produce high quality fuel. This means not 
only to keep the plant equipment in good shape 
or to procure more competitive equipment 
where necessary, but also to preserve and in-
crease the personnel skill and responsibility 
that is laid upon them; 

• Doubling the fuel plant’s capacity in order to 
meet the nuclear fuel needs for at least two 

CANDU-6 Units; 
• Maintain a permanent contact with AECL, as 

the design authority, and with experienced 
CANDU-6 fuel manufacturers from abroad in 
order to be ready at any time to implement all 
the improvements which will certainly appear in 
the future; 

• Decrease the fuel bundle cost especially by 
looking for better economical contracts with the 
fuel plant suppliers of UO2 nuclear grade pow-
der, Zyrcaloy-4 tubes, sheets and rods. Tech-
nology improvements, which can be developed 
at FCN, could also contribute to achieve this 
goal; 

• The completion of the recovery of the fuel pro-
duced before 1990; 

• Construction of a Spent Fuel Intermediate Dry 
Storage Facility; 

• As the “stock” fuel will be fully recovered will 
follow the shift of the fuel production from bun-
dles containing about 18.9 kgU/bundle to the so 
called “heavy” bundles with a content of about 
19.3 kgU/bundle in order to significantly reduce 
the nuclear fuel cycle costs. 

Since 1995 FCN restarted its equipment develop-
ment activity in co-operation with our national in-
dustry. Much equipment have been designed and 
produced by indigenous efforts and are now op-
erational. 

Since 1999, FCN also made improvements and 
modernization of the electrical power distribution, 
materials flow automation/mechanization on the 
production lines, personnel radiological protection 
etc. 

By 2003 FCN will be able to produce two 
CANDU-6 fuel loads per year in concordance with 
the schedule for Cernavoda NPP, Unit 2 comple-
tion work. 

One important aspect is that we permanently 
kept in touch with our Canadian partners espe-
cially with ZPI. As a result FCN has been involved 
in the Chinese nuclear fuel program aiming to pro-
duce CANDU-6 fuel bundles. 

On July 2003, the first dry spent fuel facility was 
opened at Cernavoda site. In such a facility the 
spent fuel can be stored for a minimum period of 
50 years.  

After the completion of the “old” fuel recovery, 
FCN is ready to shift its production to fuel bundles 
containing about 19.3 Kg/bundle (as compared 
with an actual content of 18.9 Kg/bundle) - as a 
result of a cooperation with ZPI and this fact will 
permit us to realize a significant reduction of the 
costs of our fuel cycle.  

We can conclude this section of the paper by 
emphasizing that all the objectives established by 
SNN in 1998 were reached with excellent results. 
Based on it we can look with a justified confidence 
to the future of the Romanian Nuclear Fuel Pro-
gram. 
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4. In-Reactor Fuel Performances and 
Operating Experience in 
Cernavoda’s NPP, Unit 1  

Cernavoda NPP, Unit 1 started its commercial 
operation on 2 December 1996, with an initial fuel 
load made up from 4,494 fuel bundles imported 
from ZPI and 66 fuel bundles manufactured by 
FCN during the demonstration run in the frame of 
its qualification program. The Cernavoda NPP, Unit 
1 started the refuelling on January 15, 1997 and 
since then only the fuel bundles manufactured by 
FCN were loaded in the reactor. 

The in reactor performances and behaviour of 
the fuel manufactured by FCN have been excellent. 
Since the beginning of its commercial operation only 
14 defected (or suspect of defect) fuel bundles had 
been discharged from the Cernavoda NPP, Unit 1). 
Two failed fuel systems, which operate independ-
ently, are used at Cernavoda Unit 1 as standard 
equipment: the gaseous Fission Product (GFP) 
monitor and the Delayed Neutron (DN) system. Us-
ing the above mentioned systems, defective fuel can 
be detected, located and removed during on power 
refuelling with the reactor at full power. In Figure 3 is 
shown the evolution of the count rate for a suspect 
defect fuel bundle in the channel C12 of the Cer-
navoda NPP, Unit 1 in 2001. From the 14 fuel bun-
dles discharged as defect or suspect of defect, 8 
were manufactured by ZPI and 6 by FCN. Till the 
end of August 2003, 33,292 fuel bundles manufac-
tured by FCN were irradiated in the Cernavoda 
NPP, Unit 1.That means that the overall defect rate 
for the fuel bundle manufactured by FCN is up to 
now of 0.018% (i.e. more than five times lesser than 
the design limit), or 0.0005% on fuel elements basis, 
while the design target for fuel bundle design is of 
0.1%. In Figure 4 is shown the yearly evolution of 
the fuel failure rate and in Figure 5 is shown the 
map of the reactor’s channels from where the sus-
pect defective bundles were discharged and the 
year when it happened. It should be mentioned that 
all suspect of defect fuel bundles were discharged 
as result of the normal refuelling procedure i.e. not 
because the monitoring system of the reactor sig-
nalled that these bundles should be discharged out-
side the normal refuelling procedure. Table 1 shows 
the history of the defected or suspect of defect fuel 
bundles. As can be seen in only two cases the exit 
burnup was smaller than the design target and that 
was due to the fact that these two fuel bundles were 
discharged before the reactor core reached the 
equilibrium configuration and also to the fact that at 
the beginning of the reactor operation the fuel has to 
“fight” against the inherent initial debris from the 
coolant agent. It should mention that the average 
discharged fuel burnup is with about 9% greater 
than the design value. We can conclude that up to 
now the in reactor performances and behaviour of 
the fuel manufactured by FCN have been excellent. 

In Figure 6 it is shown the Cernavoda NPP, 
Unit 1 fuel defect rate evolution as function of the 
number of irradiated bundles. In Figure 7 it is 
shown the distribution of the irradiated fuel bundles 
versus the exit burnup at the end of December 
2002. 

In Table 2 are presented some general data re-
garding the Cernavoda NPP, Unit 1 performances, 
correlated with the fuel ones. As can be seen the 
Cernavoda NPP, Unit 1 have achieved quite im-
pressive operation results. Since in service and till 
the end of August 2003 the Unit 1 had a Unit Ca-
pability Factor close to 90%.  

 
 

5. Conclusions 

Romania opted for the CANDU system in mid 60’s 
and this option proved, on long term, to be an ex-
cellent choice. 

In the 80’s the governmental program for nu-
clear energy was quite impressive and too ambi-
tious, in some aspects even unrealistic. It included 
the nuclear fuel fabrication for all five CANDU-6 
reactors to be constructed at Cernavoda. How-
ever, the bilateral arrangements for the nuclear 
fuel manufacturing technology transfer from Can-
ada to Romania were inconsistent with the Roma-
nian objectives. The nuclear fuel manufacturing 
technology was developed before 1990 without 
any Canadian support. 

In most respects, the manufacturing technology 
reached before 1990 an impressive level. How-
ever, as mentioned in this paper, several essential 
aspects related to the CANDU-6 fuel manufactur-
ing were not properly solved. 

The decision to start the large-scale nuclear fuel 
fabrication in December1983 without any involve-
ment neither by AECL nor by an experienced Cana-
dian fuel manufacturer, proved to be a mistake, 
which generated significant economical losses. 

After 1990, the new Romanian nuclear power 
authority, RENEL-GEN, elaborated a realistic Nu-
clear Fuel Program. This program went through 
the Romanian nuclear fuel plant qualification with 
the Canadian (AECL and ZPI) support, re-starting 
in January 1995 of the industrial nuclear fuel 
production, quality evaluation of the fuel produced 
before 1990 and the recovery of this fuel. This new 
policy produced good results. 

FCN is since 1995 the only CANDU fuel supplier 
from outside Canada recognized by AECL as an 
authorized CANDU fuel manufacturer. The in-
reactor performances and behaviour of the fuel 
manufactured by FCN after its qualification have 
been excellent. Very low – more then five times 
lesser than the design value - fuel defect rate has 
been recorded up to now and the average discharge 
of this fuel was with about 9% greater than the de-
sign value.  
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Since mid 1998 when SNN took charge of the 
production of nuclear generated electricity, FCN 
made significant progresses in development and 
procurement of new and more efficient equipment 
and is now very close to double its fuel production 
capacity.  After the completion of the recovery of 
the fuel produced before June 1990, FCN is al-
ready prepared to shift its fuel production to the so-
called “heavy” bundle containing about 19.3 kg of 
Uranium per bundle.  

The permanent and the excellent co-operation 

with ZPI - since 1990 - made possible for FCN to 
enter the CANDU fuel international market, as for 
instance the involvement of our fuel plant in the 
CANDU Nuclear Fuel Program in China. 

As a general conclusion we can stress that it is ob-
vious that without a political support no national nuc-
lear program is possible, but too much political involve-
ment in the technical aspects is not beneficial at all. 

It is not a wise policy to develop all the things 
using only your own efforts without any interna-
tional co-operation. 

Table 1. Defect fuel bundles history 

Number Reactor Channel  Refuelling Date (EBu-DBu)/DBu*(%) Fuel Supplier 

1 H19 January 21, 1997 -37.3 ZPI 

2 D15 March 14, 1997 -20.3 ZPI 

3 O17 April 21, 1997 +11.3 ZPI 

4 E11 August 1, 1997 +13.4 ZPI 

5 N4 October 6, 1997 0 FCN 

6 L17 October 7, 1997 +42.7 ZPI 

7 G14 November 21, 1997 +7.1 FCN 

8 F6 November 24, 1997 +6.6 FCN 

9 U10 January 27, 1998 +27.2 ZPI 

10 J15 March 24, 1998 +29.9 FCN 

11 D9 April 3, 1998 +10.6 FCN 

12 L8 July 24, 1998 +23.3 FCN 

13 E9 May 25, 1999 +8.7 FCN 

14 C12 June 5, 2001 +14.6 FCN 
* EBu – Exit Burnup; DBu – Designed Burnup 
 
 

Table 2. Cernavoda NPP, Unit 1 and fuel performance data (*end of August 2003) 

Year 1997 1998 1999 2000 2001 2002 *2003 Since in 
service 

Unit 
Capability 
Factor, [%] 

87.33 85.87 83.85 87.94 88.82 89.06 80.16 86.55 

Fuel Bundles 
Consumption 

4.780 5.056 4.868 5.124 5.244 5.272 3.088 33.432 

End Year 
Fresh Fuel 

Bundles 
Stock on Site 

1.484 1.028 1.159 1.795 2.101 2.079 1.871 N/A 

Average Fuel 
Discharge 
Burnup, 

[MWh/kgU] 

143.4 170.9 170.2 170.8 169.7 169.3 166.7 166.0 

Number of 
Defected 
Bundles 

Discharged 

8 4 1 0 1 0 0 14 
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